In this paper the model presented in the companion paper, Wright and Parker (submitted) is applied to a generic river reach typical of a large, sand-bed river flowing into the ocean in order to investigate the mechanisms controlling longitudinal profile development and downstream fining. Three mechanisms which drive downstream fining are studied: a delta prograding into standing water, sea-level rise, and tectonic subsidence. Various rates of sea-level rise (typical of the late Holocene) and tectonic subsidence are modeled in order to quantify their effects on the degree of profile concavity and downstream fining. Also, several other physical mechanisms which may affect fining are studied, including the relative importance of the suspended versus bed load, the effect of the loss of sediment overbank, and the influence of the delta bottomset slope. Finally, sensitivity analysis is used to show that the grain-size distribution at the interface between the active layer and substrate has a significant effect on downstream fining.
Introduction
In the companion paper (Wright and Parker, submitted), a formulation was presented for modeling the development of the longitudinal profile and downstream variation in bed sediment characteristics of large, low-slope sand-bed rivers. Many rivers exhibit a downstream decrease in bed slope and bed sediment median grain-diameter in the downstream direction, as illustrated in Figures 1 and 2 of the companion paper (Wright and Parker, submitted). In this paper, the model is applied to conditions typical of sand-bed rivers flowing into the ocean in order to study the mechanisms driving the phenomena, and the processes controlling the strength of downstream fining and profile concavity.
The model formulation contains several assumptions which may limit its applicability to the past 5,000 years of relatively stable sea-level. According to the model of Holocene river development promoted by Blum and Tornqvist (2000) and Aslan and Autin (1999) , based on data from the Rhine-Meuse, Texas Gulf Coast, and Lower Mississippi Valley, rapid sea-level rise (~10 mm/yr) from about 20 kry B.P. to 5 kyr B.P.
was accompanied by a rapidly aggrading floodplain with multi-channel streams, frequent avulsion, crevasse splays, and poorly drained backswamps. The past 5,000 years of little or no sea-level rise (~1 mm/yr) lead to slower rates of floodplain aggradation, meanderbelt development and overbank deposition. The model formulation is applicable to the period of slower aggradation of the past 5,000 years only for several reasons. First, flow is assumed in a single channel with no floodplain, which leads to the implicit assumption that overbank floodplain deposition keeps pace with channel aggradation. The single channel assumption is not directly valid for the period of multi-channel flows. The overbank deposition assumption is not valid for the conditions of rapid sea-level rise when the floodplain was being built by channel avulsion, crevasse splays, and the filling of poorly-drained floodplain lakes. Also, discharge and sediment load conditions during glacial melting likely differed significantly from loads during stable sea-level in such rivers as the Mississippi. Finally, the closure relationships for hydraulic resistance and sediment transport capacity were developed empirically from data for modern, singlethread, meandering, sand-bed rivers. Thus these relationships may not be applicable to the avulsing, multi-channel streams of the period of rapid sea-level rise.
The strategy for model simulation is to study the mechanisms controlling the development of the longitudinal profile and downstream fining in a generalized manner. Thus, the model was applied to a generic river reach with conditions typical of large, suspension-dominated sand-bed rivers flowing to the ocean. The generic river reach was subjected to several forcing mechanisms that drive fining, including a prograding delta, sea-level rise, and subsidence. Each mechanism drives aggradation accompanied by size selective transport which leads to a concave upward profile and downstream fining. For these simulations, all other model parameters were held constant. Though the objective of the modeling was not to simulate any particular river, the results of several of the simulations are compared to the cases of the Mississippi River, USA and the Fly River, Papua New Guinea in terms of dimensionless reach-averaged profile concavity and downstream fining.
The second phase of simulations is designed to study the effects of various physical processes, for a single driving mechanism case. For these simulations, the case of a sea-level rise rate of 1 mm/yr was chosen. The physical processes investigated include the relative importance of bedload versus suspended load sorting, the effect of the active width, the importance of the loss of sediment to overbank deposition, and the effect of density stratification. Finally, a subsequent section investigates the sensitivity of the model to two specified model parameters.
Model preliminaries

Generic study reach
The objective of the model applications is to explore the development of downstream fining in large, low-slope, sand-bed rivers in response to various forcing mechanisms. Therefore a reach of river with parameters typical of large sand-bed rivers flowing into the ocean was constructed for application of the model. The reach is based loosely on several datasets on sand-bed rivers and hydraulic geometry relations (ASCE, in press).
The study reach has a bankfull discharge of 10,000 m 3 /s, and bankfull channel width equal to 500 m. The initial bed slope is constant and equal to 8x10 -5 , and the total initial reach length is 500 km. There are no tributaries entering the reach, so that the discharge and width are constant. The initial bed elevations are set so that a water The model accounts only for conservation of bed material load, and ascribes no role for wash load except for the implicit assumption that floodplain construction can keep pace with channel bed aggradation. While the cutoff size between bed material load and wash load is known to be a dynamic variable (e.g. Paola and Parker, 2000) , for simplicity a cutoff size of 0.0625 mm is used here (e.g. Raudkivi, 1976) . With this in mind, the bed material load in the present model consists entirely of sand.
The slope of the delta face (foreset) was set to 5% which is within the range of typical foreset slopes for a sand delta (Borland, 1971; Kostic et al., 2002 For all of the simulations performed, the reach was broken into 21 computational points, the grain-size distribution was discretized into 50 size intervals, and a time step of 100 years was used. This large time step was made possible by the use of the flow intermittency factor and the fully coupled, implicit numerical scheme.
Active width
The active width has been introduced to account for the fact that the river may aggrade over a width greater than just the channel width, such as the meander-belt width.
Lateral migration dictates that the channel will move back and forth across the meanderbelt width, resulting in aggradation over this entire width over the long time periods considered here. The active width provides a simple method for accounting for this process. The model does not account for rapid aggradation and avulsion, a process that may result in aggradation over the entire floodplain width (if it is greater than a single meander-belt width) over long time periods. For the majority of the simulations presented, the active width has been set to ten times the channel width, which may correspond roughly to a meander belt width for most rivers. Also, simulations were performed for a range of active widths, from one channel width to twenty channel widths, to study the effects on downstream fining.
In point of fact, most of the sediment depositing within the meander belt or floodplain can be expected to be in the range that is here considered to be wash load, i.e. material finer than 0.0625 mm. A detailed accounting of wash load routing and floodplain formation is beyond the scope of the present analysis. Implicit in the present analysis is the assumption that the rate of aggradation of the channel bed is sufficiently slow so that floodplain construction can keep up with it without major planform instabilities.
Results I: Driving mechanisms
Prograding delta
The first mechanism to be studied which drives downstream fining is the delta prograding into standing water. The prograding delta sets up a backwater profile which induces aggradation and leads to a concave upward profile, size selective transport, and downstream fining. at the downstream boundary.
Sea-level rise
Another mechanism which leads to aggradation and downstream fining is sea- at the downstream boundary.
Tectonic subsidence
Tectonic subsidence has a similar effect as sea-level rise by creating space for aggradation, so that selective transport leads to downstream fining. A range of subsidence rates were simulated up to a maximum of 1 mm/yr (i.e. the same range as that The results are quite similar to the sea-level rise results, in that the degree of concavity and downstream fining increase with increasing subsidence.
Comparison with field cases
The simulation results presented thus far provide a general comparison of three driving mechanisms for conditions typical of large, sand-bed rivers. It is also desired to provide a rough comparison of the model results with field cases, to see if the model predictions are the same order of magnitude as the field cases. To this end, the following reach-averaged, dimensionless measures of profile concavity (PC) and downstream fining (DF) are defined:
where the overbar denotes averaging over the entire reach. a model of this type could be applied successfully to a particular field case. This has not been pursued here for a variety of reasons. First, the primary goal here is to develop the model and test it for simple cases. Also, as will be shown in the sensitivity analysis, the model is quite sensitive to a parameter which is not presently well constrained. Finally, application to a particular field case requires data that may not be available for most rivers, such as the initial longitudinal profile (e.g. at the transition from braiding to meandering) and incoming sediment load throughout the Holocene.
Results II: Importance of other mechanisms
Bed load versus suspended load
Large, sand-bed rivers tend to transport the majority of their sediment load in suspension. However, both bed load and suspended load result in size selective transport and thus will contribute to downstream fining. For bed load, the Ashida and Michiue (1972) relation introduces size selective transport through a dependence of the critical shear stress on particle diameter. Suspended load results in size selective transport through the near-bed concentration predictor and, more importantly, because smaller sizes have lower settling velocities and thus are transported at a higher rate that their larger brethren once in suspension. This is illustrated in Figure 14 , where the initial size distributions of the bed, suspended, and total bed material loads are shown (bed load accounts for about 12% of total load). The bed load distribution is nearly identical to the initial bed material distribution ( Figure 2) indicating that bed load sorting should be relatively weak. This is because the sorting effects come through the critical shear stress, which is much smaller than the total stress for bankfull conditions leading to near equal mobility conditions.
To illustrate how bed load and suspended load contribute to the overall amount of downstream fining, simulations were performed with and without bed load. The case of 1 mm/yr sea-level rise and an active width equal to ten channel widths was used. Figure   15 shows the D 50 profiles at 5,000 years of simulation time. The results show that the bed load retards the fining that would develop due to suspended load sorting only. This is expected given the distributions of Figure 14 . The bed load contributes a distribution roughly equivalent to the bed material, thus decreasing the overall size selectivity of the total load. The overall fining, as measured by (22), is approximately 10% greater with bed load excluded from the simulation.
Active width
The active width is defined here as the width over which channel-driven aggradation takes place. It is included in recognition that aggradation may occur over a width greater than the channel width only as the river migrates over its floodplain (e.g. 
Overbank sediment loss
Though the model in its current state treats channel processes only, a rough estimate of the effects of the loss of sediment overbank can be made. The sediment sizes lost overbank will be highly biased to the finer sizes, as these are the sizes that ride highest in the water column. Thus overbank processes may be expected to decrease the overall downstream fining by removing these finer sizes. To make a very rough estimate of this effect without treating overbank processes in detail, a simulation was performed where it was assumed that all sediment in the upper ten percent of the flow depth was lost to the floodplain. Clearly this is not the case in reality, however, it is a conservative assumption that allows of an order of magnitude estimate of the effect of overbank 
Slope of the bottomset
For the model applications presented thus far the bottomset slope, S bs in Figure 3 of the companion paper, was set to 0.1%, a slope representative of the continental shelf.
The bottomset slope affects the progradation rate and shape of the delta. To investigate its effect on downstream fining, simulations were also performed with bottomset slopes of 1% and 0.03% ( 
Density stratification
The formulations used for hydraulic resistance and suspended-sediment transport rate include the effects of density stratification, which have been shown to be particularly but the effects on downstream fining are not great. This is because density stratification has a greater effect on the total suspended-sediment transport rate than on the grain-size distribution of the suspension.
Sensitivity analysis
The model formulation contains many empirical parameters which must be specified. The sediment transport and hydraulic resistance relations, for example, contain several parameters which were determined from field and laboratory data. It is not the goal here to study these parameters, as they are better constrained by data than some other parameters. The two parameters chosen for study here are the two considered to be the least constrained by data or theory. They are the active layer thickness, L a , and the relation for partitioning sediment at the interface between the active layer and the substrate during aggradation, F Ik .
During aggradation, sediment is transferred from the active layer to the underlying substrate. The formulation presented in the companion paper partitions this sediment between the transported material (F tk ) and the material in the active layer (F bk ):
The only experimental evaluation of the partitioning constant, c, is that of Toro-Escobar, suggesting that the active layer has a thickness of about a dune height for sand-bed rivers.
This line of reasoning has been followed here, where L a was set equal to one dune height, with the height predicted by the Julien and Klaasen (1995) relation. The sensitivity of the model to the active layer thickness was tested by varying the thickness from one-half to twice the dune height. It was found that the model results are relatively insensitive to active layer thickness. The degree of downstream fining was found to vary by less than 1% from the base case of L a equal to one dune height.
Conclusions
The • Sea-level rise and tectonic subsidence create space for aggradation, leading to increased profile concavity and downstream fining. The degree of concavity and fining increase with increasing sea-level rise and subsidence.
• The degree of dimensionless, reach-averaged, profile concavity and downstream fining predicted by the model for the generic large, sand-bed river are of the same order of magnitude as the Mississippi and Fly Rivers, for sea-level rise and subsidence rates typical of the late Holocene.
• Size selective transport due to the suspended load dominates the sorting process compared to bed load.
• The width over which aggradation occurs, termed the active width here, has a significant effect on the model results. An active width of one channel width leads to rapid aggradation which would most likely lead to avulsion, which the model is not equipped to handle. Active widths typical of meander belt widths (i.e. about ten channel widths) lead to significantly less aggradation and greater downstream fining. This is because as active width increases, sea-level rise and/or subsidence outpaces aggradation leading to a greater backwater effect and selective transport.
• During overbank flows, the finest sizes in transport may be lost to floodplain deposition. A very crude analysis here indicates that this process has a minor effect on downstream fining. However, more definitive results on this effect await a more complex model of channel-floodplain interaction.
• The slope of the bottomset of the prograding delta can have a significant effect on the profile concavity and downstream fining. As the bottomset slope decreases, the degree of concavity and downstream fining increase. years for a range of rates of sea-level rise. years for a range of subsidence rates. 
